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ELECTRIC PARKING BRAKE CONTROL
APPARATUS, ELECTRIC PARKING BRAKE
SYSTEM, AND METHOD FOR

CONTROLLING ELECTRIC PARKING
BRAKE SYSTEM

INCORPORATION BY REFERENC.

(Ll

The disclosure of Japanese Patent Application No. 2007 -
23379 filed on Feb. 1, 2007 including the specification, draw-

ings and abstract 1s incorporated herein by reference 1n 1ts
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to an electric parking brake control
apparatus that controls an electric parking brake system of a
vehicle, an electric parking brake system, and a method for

controlling an electric parking brake system.
2. Description of the Related Art

A vehicle brake system 1s required to serve two functions,
that 1s, a function as a service brake (hereinafter, referred to as
“hydraulic brake™) that decelerates or stops a vehicle 1n
motion, and a function as a parking brake that maintains the
vehicle at standstill. A brake system that performs two func-
tions using a shared structure has been suggested 1n order to
suppress increases in the number of components and cost. A
technology 1n which the hydraulic pressure of the hydraulic
brake 1s used to apply the parking brake may be employed in
order to further simplity the structure to reduce the cost.
However, 1n order to reliably maintain a required braking
force even 1f the hydraulic pressure 1s gradually decreased
while the vehicle 1s parked or to prevent leakage of hydraulic
fluid, a technology 1n which a tension 1s applied to a cable so
as to push a braking member against a disc or a drum 1s
employed in some parking brakes, as described 1in, for
example, Japanese Patent Application Publication No.

JP-2005-280640 (JP-A-20035-280640).

A vehicle brake system described 1in JP-A-2005-280640
includes a hydraulic brake 1n which hydraulic pressure can be
maintained, and a parking brake that automatically applies a
tension to a cable so as to maintain a vehicle at standstill.
When determining that an accelerator pedal 1s fully released
and the vehicle speed 1s zero, the vehicle brake system applies
the parking brake while maintaining the hydraulic pressure in
the hydraulic brake. With this structure, it 1s possible to auto-
matically apply the parking brake only when needed. After
the parking brake 1s applied, 1t 1s possible to maintain the
vehicle at standstill mechanically instead ol using the hydrau-
lic pressure.

In a parking brake that 1s automatically applied, a tension 1s
applied to a cable using driving force supplied from an actua-
tor. A target tension 1s set with, for example, a road inclina-
tion, taken 1nto account. The actuator pulls the cable until the
tension detected by a tension sensor reaches the target ten-
sion. However, a tension that 1s lower than the target tension
1s applied to a wheel 1n some cases, because the tension
detected by the tension sensor 1s a value from which loss of
the tension, which 1s caused due to friction of the cable and a
tension transmission system, has not been subtracted. In the
vehicle parking brake system described i JP-A-2005-
280640, the hydraulic brake may be either released or kept
applied, after the parking brake 1s applied. However, 11 the
hydraulic brake 1s released, there 1s a possibility that the
vehicle will start moving due to the lack of tension caused by
the loss of tension. On the other hand, if the hydraulic brake
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1s kept applied, there 1s a possibility that the hydraulic pres-
sure 1s gradually decreased and the vehicle will start moving.

To prevent the vehicle from moving, a tension that 1s higher
than the target tension may be applied to the cable 1n antici-
pation of a decrease 1n the tension from the target tension or
lack of the tension. However, 1t 1s necessary to provide an
actuator having a higher performance 1n order to apply such
higher tension to the cable. This causes inconveniences such
as 1ncreases 1n the cost and size of the actuator.

SUMMARY OF THE INVENTION

The mvention provides an electric parking brake control
apparatus, an electric parking brake system, and a method for
controlling an electric parking brake system, which suppress
a decrease 1n a target tension, and increase etficiency of an
actuator that pulls cables, for example, reduce the size of the
actuator.

A first aspect of the invention relates to an electric parking
brake control apparatus including: an electric parking brake
actuator that pulls cables connected to respective parking
brake units of wheels; a brake actuator that controls braking
pressures applied to the wheels by service brakes; a pressure-
increase control unit that controls the brake actuator to
increase the braking pressures to a predetermined value,
when a tension of the cables falls below a predetermined
target tension after the cables are pulled until the target ten-
sion 1s achieved; and a tension-increase control unit that con-
trols the electric parking brake actuator to pull the cables until
the tension of the cables exceeds the target tension, after the
braking pressures are increased by the pressure-increase con-
trol unit.

According to the first aspect of the invention, the cables are
pulled until the tension of the cables exceeds the target ten-
s10m, after the braking pressures are increased. Therefore, 1t 1s
possible to more reliably pull the cables until the tension of
the cables exceeds the target tension, without increasing the
s1ze of the actuator.

A second aspect of the mvention relates to an electric
parking brake system including: an electric parking brake
actuator that pulls cables connected to respective parking
brake units of wheels; a brake actuator that controls braking
pressures applied to the wheels by service brakes; and an
clectric parking control device which includes a pressure-
increase control unit that controls the brake actuator to
increase the braking pressures to a predetermined value,
when a tension of the cables falls below a predetermined
target tension aiter the cables are pulled until the target ten-
sion 1s achieved, and a tension-increase control unit that con-
trols the electric parking brake actuator to pull the cables until
the tension of the cables exceeds the target tension, after the
braking pressures are increased by the pressure-increase con-
trol unat.

A third aspect of the invention relates to a method for
controlling an electric parking brake system including an
clectric parking brake actuator that pulls cables connected to
respective parking brake units of wheels, and a brake actuator
that controls braking pressures applied to the wheels by ser-
vice brakes. The method including: controlling the brake
actuator to increase the braking pressures to a predetermined
value, when a tension of the cables falls below a predeter-
mined target tension after the cables are pulled until the target
tension 1s achieved; and controlling the electric parking brake
actuator to pull the cables until the tension of the cables
exceeds the target tension, after the braking pressures are
increased.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages
of the mvention will become apparent from the following
description of example embodiments with reference to the
accompanying drawings, wherein the same or corresponding
portions will be denoted by the same reference numerals and
wherein:

FI1G. 1 1s a view showing the structure of an electric parking,
brake system that 1s controlled by a brake ECU;

FIG. 2 1s a plane view showing a parking brake unait;

FIGS. 3A and 3B are views each showing an example of a
manner 1n which a tension 1s generated when a disc brake 1s
formed of a hydraulic brake and a parking brake;

FIG. 4A 1s a timing chart showing time-changes in an
ON-signal from a switch, an ON-signal from an electric
motor, the wheel cylinder pressure, and the value detected by
a tension sensor 1n a first embodiment of the invention;

FIG. 4B 1s a flowchart showing the routine according to
which the brake ECU controls the wheel cylinder pressure
and the tension 1n the first embodiment of the invention;

FIG. 5A 1s a timing chart showing time-changes 1in an
ON-signal from the switch, an ON-signal from the electric
motor, the wheel cylinder pressure and the value detected by
the tension sensor 1n a second embodiment of the invention;

FIG. 5B 1s a flowchart showing the routine according to
which the brake ECU controls the wheel cylinder pressure
and the tension in the second embodiment of the invention;

FIG. 6A 1s a timing chart showing time-changes in an
ON-signal from the switch, an ON-signal from the electric
motor, the wheel cylinder pressure and the value detected by
the tension sensor 1n a third embodiment of the invention;

FIG. 6B 1s a flowchart showing the routine according to
which the brake ECU controls the wheel cylinder pressure
and the tension i1n the third embodiment of the invention;

FIG. 7 1s a timing chart showing time-changes in an ON-
signal from the switch, an ON-si1gnal from the electric motor,
the wheel cylinder pressure and the value detected by the
tension sensor 1n a fourth embodiment of the invention;

FIG. 8 1s a flowchart showing the routine according to
which the brake ECU controls the wheel cylinder pressure
and the tension in the fourth embodiment of the invention:

FIG. 9 1s a timing chart showing time-changes 1n an ON-
signal from the switch, an ON-si1gnal from the electric motor,
the wheel cylinder pressure and the value detected by the
tension sensor 1n a sixth embodiment of the invention; and

FIG. 10 1s a flowchart showing the routine according to
which the brake ECU controls the wheel cylinder pressure
and the tension 1n the sixth embodiment of the ivention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Hereafter, embodiments of the invention will be described
with reference to the accompanying drawings. An electric
parking brake system 1 according to the embodiments of the
invention includes a drum-type or disc-in-type electric park-
ing brake. The electric parking brake may be electrically
applied and released. The hydraulic pressure of a service
brake (hereinafter, referred to as “hydraulic brake™) 1s used to
apply or release the electric parking brake. Therefore, it 1s
possible to reduce the size of an actuator used to apply or
release the electric parking brake, the electric power required
to drive the actuator, and the noise caused by the actuator.

FI1G. 1 1s a view showing the structure of the electric park-
ing brake system 1 that 1s controlled by a brake ECU 9. The
clectric parking brake system 1 includes: a brake pedal 11 that
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4

serves as an operation member for the hydraulic brake, and
that 1s operated by a driver to decelerate a vehicle; a master
cylinder 13 that converts depressing force applied to the brake
pedal 11 1nto hydraulic pressure; a reservoir 12 that stores
brake fluid; a brake actuator 10 that individually controls the
wheel cylinder pressures which are applied to wheels FL, RR,
RL and FR; parking brake units 35R and 35L that are pro-
vided to drums of the rear wheels RR and RL, respectively;
and an electric parking brake actuator 30 that releases or
applies the parking brake units 35R and 335L.

According to the embodiments of the invention, the
hydraulic brake and parking brake umits 35R and 35L are
formed of drum brakes. In this way, the hydraulic brake and
the parking brake are integrally formed. The structure in
which the hydraulic brake and the parking brake are integrally
formed signifies the structure in which the hydraulic brake
and the parking brake share the same brake pad (friction
member) that 1s pushed against a brake member to generate
braking force. As described later in detail, the hydraulic brake
and parking brake units 35R and 35L may be formed of disc
brakes. The hydraulic brake may be formed of an ECB (Elec-
tronically Controlled Brake System) that generates braking
torque using an electric actuator.

The master cylinder 13 has two pressurizing chambers. A
hydraulic circuit 135, which applies hydraulic pressure to a
wheel cylinder 25 of the rear leit wheel RL and a wheel
cylinder 26 of the front right wheel FR, 1s connected to one of
the pressurizing chambers. A hydraulic circuit 13a, which
applies hydraulic fluid to a wheel cylinder 24 of the rear right
wheel RR and a wheel cylinder 23 of the front left wheel FL,
1s connected to the other pressurizing chamber.

The hydraulic circuit 135 1s communicated with the wheel
cylinder 26 via a normally-open master cut valve 155 and a
normally-open holding valve 174, and 1s communicated with
the wheel cylinder 25 via the normally-open master cut valve
156 and a normally-open holding valve 17¢. A normally-
closed pressure-decreasing valve 184 1s connected to the
hydraulic circuit 135, at a position downstream of the holding
valve 17d. The circuit that leads to the pressure-decreasing,
valve 184 branches off from the circuit that leads to the wheel
cylinder 26. A normally-closed pressure-decreasing valve
18¢ 1s connected to the hydraulic circuit 135, at a position
downstream of the holding valve 17¢. The circuit that leads to
the pressure-decreasing valve 18¢ branches oif from the cir-
cuit that leads to the wheel cylinder 25. The pressure-decreas-
ing valves 18¢ and 184 are connected, at the downstream-side
ends, to the ilet-side of a pump 195. A reservoir 215 1s
connected to the inlet-side of the pump 195, and 1s connected
to the master cylinder 13 via a normally-closed intake valve
165. The pump 195 1s connected, at the discharge side, to the
downstream-side of the master cut valve 155b. The hydraulic
circuit 13a 1s mostly the same in the structure as the hydraulic
circuit 136 except that a M/C sensor 14, which detects the
pressure in the master cylinder 13, 1s connected to the hydrau-
lic circuit 13a.

When the driver depresses the brake pedal 11, the hydraulic
fluid 1n the master cylinder 13 1s compressed, and hydraulic
pressure corresponding to the depressing force 1s applied to
the wheel cylinders 23 to 26 via the normally-open master cut
valves 15a and 155, and the holding valves 17a to 174.

Even when the driver does not operate the brake pedal 11,
the brake ECU 9 controls the brake actuator 10 to select the
mode of the hydraulic circuits from among three modes, that
1s, the pressure-increasing mode, the pressure-maintaining
mode and the pressure-decreasing mode, thereby controlling
the wheel cylinder pressures in the wheel cylinders 23 to 26.
For example, to increase the wheel cylinder pressure 1n the
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wheel cylinder 26, the brake ECU 9 closes the master cut
valve 155, keeps the holding valve 174 open, and keeps the
pressure-decreasing valve 184 closed. Thus, the wheel cylin-
der pressure in the wheel cylinder 26 1s increased by the
hydraulic pressure produced by the pump 195. To maintain
the wheel cylinder pressure in the wheel cylinder 26, the
brake ECU 9 closes the holding valve 174 while keeping the
pressure-decreasing valve 18d closed. Thus, the circuit that
leads to the wheel cylinder 26 1s blocked and the wheel
cylinder pressure in the wheel cylinder 26 1s maintained. To
decrease the wheel cylinder pressure 1n the wheel cylinder 26,
the brake ECU 9 opens the pressure-decreasing valve 18d
while keeping the holding valve 174 closed. Thus, commu-
nication 1s provided between the wheel cylinder 26 and the
reservoir 215, and therefore the wheel cylinder pressure in the
wheel cylinder 26 1s decreased. The wheel cylinder pressures
in the other wheel cylinders 23 to 25 are controlled in the same
manner. Intake valves 16a and 165 are opened when the
amounts of hydraulic fluid 1 the reservoir 21a and 215b
become small, thereby providing or cutting off flows of the
hydraulic fluid from the master cylinder 13 to the pumps 194
and 195, respectively.

With the structure described above, the brake ECU 9 con-
trols the brake actuator 10, thereby controlling the hydraulic
pressure applied to each wheel independently of the hydraulic
pressures applied to the other wheels.

The parking brake units 35R and 35L which are provided to
the rear wheels RR and RL, respectively, will be described.
FIG. 2 1s a plane view showing the parking brake umt 35 R.
Note that, the parking brake unit 351 has the same structure as
that of the parking brake unit 35R.

The parking brake unit 35R includes a drum 101, which 1s
a brake member that rotates together with the wheel, and
brake shoes 103a and 1035 and lining members 104a and
1045 (hereinatter, the brake shoe 1034 and the lining member
104a, and the brake shoe 1036 and the lining member 1045
will be referred to as “brake shoe 1034 and brake shoe 10354,
respectively). The brake shoes 103a and 1035 are supported
by a backing plate 102, which serves as a vehicle body-side
member, 1n a manner such that the brake shoes 103a and 10354
do not rotate. A predetermined amount of clearance 1s left
between the brake shoes 1034 and 1035, and the drum 101.
The brake shoes 103aq and 1035 are pushed against the inner
face of the drum 101 due to an increase in the pressure in the
wheel cylinder 24 or operation of the electric parking brake
actuator 30. Thus, braking torque that suppresses rotation of
the wheel 1s produced.

The paired brake shoes 103aq and 1035 are connected, at
one ends thereot that face each other (upper ends, 1n FIG. 2),
to the respective ends of the wheel cylinder 24. The distance
between the ends of the brake shoes 103a and 1035) 1s
increased when the pressure in the wheel cylinder 24 1is
increased. The paired brake shoes 103a and 1035 are coupled,
at the other ends thereof, with an anchor pin 108 that 1s fixed
to the backing plate 102. With this structure, rotation of the
brake shoes 103a and 1035 together with the drum 101 1s
prevented by the frictional force of the brake shoes 103a and
10356 during the braking operation. As a result, braking torque
1s produced.

Biasing force 1s applied to the brake shoes 1034 and 1035
by return springs 105 and 106 so that the brake shoes 103a
and 1035 approach each other. Therefore, 11 a supply of the
hydraulic fluid to the wheel cylinder 24 1s cut off, the liming,
members 104a and 1045 move away from the inner face of the
drum 101 due to the biasing force.

An adjuster 107 1s fitted to the brake shoes 1034 and 1035,
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between the brake shoes 103a and 1035, and the drum 101 1s
adjusted by the adjuster 107 1n accordance with a level of
abrasion of the liming members (brake linings) 104a and
1045.

A parking lever 110 1s pivotally fitted, by a pin 109, to the
brake shoe 103a at the end thereof close to the anchor pin 108.
The parking lever 110 and the brake shoe 1035 are connected
to each other by a strut 111. The strut 111 1s provided with a
spring 111a that applies force so that the parking lever 110
and the brake shoe 1036 move away from each other. A cable
34R 1s connected to the other end of the parking lever 110.
The cable 34R 1s connected to the electric parking brake
actuator 30. Therefore, when the electric parking brake actua-
tor 30 pulls the cable 34R, the parking lever 110 p1vots about
the pin 109, and pushes the brake shoe 1035 against the drum
101 via the strut 111, and the brake shoe 103a 1s pushed
against the drum 101 by the reaction force. As a result, brak-
ing torque 1s produced by the frictional force.

Hereaftter, the electric parking brake actuator 30 will be
described 1n detail. In the electric parking brake actuator 30,
a worm wheel 36, which rotates about the axis coaxial with
the rotating axis of an electric motor 31, 1s meshed with a
worm gear 37, whereby the rotational driving force of the
clectric motor 31 1s transierred to the worm gear 37. A nut
member 1s fitted to the worm gear 37, and the rotational
driving force of the worm gear 37 1s converted into the linear
driving force of the nut member. The linear driving force 1s
equally distributed to two cables 34R and 34L. by an equalizer
mechanism 38 connected to the nut member via two cables.
The cables 34R and 34L are connected to the parking lever
(brake lever) 110 of the rear right wheel RR and the parking
lever (brake lever) 110 of the rear left wheel RL, respectively.
The cable 34L 1s provided with a tension sensor 33 that
detects the tension of the cable 34L.

When the electric motor 31 1s rotated 1n the forward direc-
tion, the equalizer mechanism 38 moves toward the electric
motor 31 while distributing the linear driving force to the two
cables 34R and 34L. Therelfore, tensions are applied to the
cables 34R and 34L., and the brake shoes are pushed against
the drums, whereby the parking brake units 35R and 35L are
brought into the braking state. When the electric motor 31 1s
rotated 1n the reverse direction, the equalizer mechanism 38
moves away from the electric motor 31 while equalizing the
tensions of the two cables 34R and 34L.. Therefore, the ten-
sions ol the cables 34R and 34L are reduced, whereby the
parking brake units 35R and 35L are brought into the releas-
ing state.

When the vehicle 1s parked, the brake ECU 9 calculates the
target tension that 1s required to park the vehicle based on the
inclination of the road on which the vehicle 1s stopped, the
shift position, etc., and rotates the electric motor 31 until the
target tension 1s achleved The hydraulic brake and parking
brake units 35R and 35L may be disc brakes instead of the
drum brakes shown 1n FIG. 2.

The hydraulic brake and parking brake units 35R and 35L
structured 1n the above-described manner are controlled by
the brake ECU 9 which 1s mainly formed of a microcomputer
including a CPU, RAM, EEPROM (Electronically Erasable
and Programmable Read Only Memory), an mput interface,
an output interface, a communication controller that commu-
nicates with other ECUs, ROM, etc., that are connected to
cach other by a bus. When the CPU executes programs, pres-
sure-increase control means 9q, tension-increase control
means 95 for increasing the target tension for the cables 34R
and 34L. and pulling the cables 34R and 34L based on the
increased target tension, and malfunction determination
means 9c¢ for determiming whether a malfunction has
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occurred 1n the parking brake units 35R and 35L, and for
notifying, when it 1s determined that a malfunction has
occurred, the driver of the malfunction.

The brake ECU 9 receives signals indicating the tension
detected by the tension sensor 33, the wheel speeds of the
wheels FL, RR, RL and FR, the wheel cylinder pressures at
the respective wheels, the master cylinder pressure, the shift
position, the accelerator pedal stroke (accelerator pedal
operation amount), and the inclination of the vehicle 1n the
longitudinal direction (pitching direction) of the vehicle.

A switch 8 connected to the brake ECU 9 1s an operation
member that selects the state of the electric parking brake
system 1 between the braking state and the releasing state.
The mode of the electric parking brake system 1 1s selected
between the automatic mode and the manual mode. In the
automatic mode, the electric parking brake system 1 1s auto-
matically applied or released. In the manual mode, the elec-
tric parking brake system 1 1s applied or released by operating,
the switch 8. In the automatic mode, the brake ECU 9 places
the electric parking brake system 1 1n the braking state, for
example, when the shiit lever position indicated by the shiit
position 1s P (Park) or N (Neutral) and the vehicle speed 1s
zero. The condition that the master cylinder pressure 1s equal
to or higher than a predetermined value may be added to the
above-described conditions under which the electric parking
brake system 1 1s placed in the braking state.

The brake ECU 9 transmits a signal indicating whether the
clectric parking brake system 1 1s 1n the braking state or the
releasing state to a meter ECU. Therefore, the meter ECU
notifies the driver whether the electric parking brake system 1
1s 1n the braking state or the releasing state by illuminating a
lamp 1n a combination meter, which corresponds to the cur-
rent state.

Next, loss of the tension due to friction of the cables 34R
and 34L and a tension transmission system will be described.
FIGS. 3A and 3B each show an example of a manner, 1n which
a tension 1s produced, when the hydraulic brake and the
parking brake are formed of a disc brake.

The disc brake 1s a type of a brake system 1n which a brake
pad 41 1s pushed against a disc rotor that rotates together with
the wheel to apply braking force to the wheel. When the driver
depresses the brake pedal 11, the hydraulic fluid moves a
brake piston 42 using a hydraulic circuit similar to the hydrau-
lic circuit shown in FIG. 1. Then, the brake pad 41 connected
to the brake piston 42 and a brake pad that 1s paired with the
brake pad 41 pushes the disc rotor imnterposed between these
brake pads, whereby braking force 1s applied to the wheel.

One end of a parking brake lever 43, which 1s pivotally
supported by a pin 43a, contacts the brake piston 42 at the
bottom face which 1s opposite to the bottom face connected to
the brake pad 41. The cable 34R 1s connected to the other end
of the parking brake lever 43. When the parking brake is
applied, the load center of the cable 34R moves 1n the direc-
tion, 1n which the tension T 1s applied, due to the tension T.
Therefore, the parking brake lever 43 pivots about the pin43a
in the clockwise direction, and the one end of the parking
brake lever 43 moves the brake piston 42. Thus, the brake pad
41, which 1s connected to the brake piston 42, and the brake
pad, which 1s paired with the brake pad 41, push the disc rotor
interposed between these brake pads, whereby braking force
1s applied to the wheel.

At this time, the tension T1 applied to the parking brake
lever 43 1s lower than the tension T detected by the tension
sensor 33 (1>T1). This 1s because a loss 1s caused 1n the
tension T by the frictional force F1 due to the friction of the
cable 34R and the tension transmission system. Therefore,
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the tension T corresponds to the sum of the tension T1 and the
tfrictional force F1 (IT=T1+F1).

Because the frictional force F1 causes a decrease 1n the
tension T, 1t 1s necessary to set the target tension to a higher
value 1n anticipation of the loss 1n order to obtain a desired
braking force using the electric motor 31. This increases the
s1ze ol the electric motor 31, the torque that should be pro-
duced by the electric motor 31, and the noise caused by the
clectric motor 31.

The electric parking brake system 1 1n which the hydraulic
brake and the parking brake are integrally formed has the
following disadvantages. FI1G. 3B shows the state 1n which
the hydraulic brake 1s applied when the parking brake has
already been applied using the tension T. IThydraulic pressure
1s applied when the parking brake has already been applied,
the brake piston 42 further moves toward the disc rotor.
Theretfore, the parking brake lever 43 further pivots. As a
result, the tension T1 decreases to the tension T1'. If the
tension T1 decreases, the load center of the cable 34R moves
toward the parking brake lever 43. However, because the
trictional force F1 1s applied to the load center of the cable
34R, hysteresis 1s caused. As a result, the load center moves
only by an amount smaller than the amount corresponding to
a decrease from the tension from 11 to the tension T1'. There-
fore, the tension T1' which 1s applied to the lever 43 decreases
by an amount larger than an amount of decrease 1n the tension
T detected by the tension sensor 33. Particularly, when the
frictional force F1' that 1s decreased by application of the
hydraulic brake is suiliciently large, the load center does not
move, and a change 1n the tension T cannot be detected by the
tension sensor 33. When the brake ECU 9 does not accurately
detect a decrease 1n the tension, suificient braking force can-
not be obtained at the decreased tension T1' if the driver stops
depressing the brake pedal 11. As a result, the vehicle may
move on, for example, a slope.

With the electric parking brake system 1 according to the
embodiments of the invention, 1t 1s possible to minimize the
above-described disadvantages without increasing the size of
the electric parking brake actuator 30. The following descrip-
tion will be provided on the assumption that the drum bake-
type electric parking brake system 1 1s operated 1n the manual
mode.

First Embodiment of the Invention

FIG. 4A 1s a timing chart showing time-changes 1n an ON
signal from the switch 8, an ON-signal from the electric
motor 31, the wheel cylinder pressure, and the value detected
by the tension sensor. FIG. 4B 1s a flowchart showing the
routine according to which the brake ECU 9 controls the
wheel cylinder pressure and the tension.

The brake ECU 9 determines whether the switch 8 1s on.
When the switch 8 1s on, the brake ECU 9 detects an ON
signal (S1).

When 1t 1s determined that the switch 8 1s on, the pressure-
increase control means 9a controls the brake actuator 10 to
increase the wheel cylinder pressures at the rear wheels RR
and RL to the target value (S2).

When the wheel cylinder pressures reach the target value,
the tension-increase control means 96 drives the electric
motor 31 to pull the cables 34R and 34L until the target
tension 1s achieved (S3).

When the target tension 1s achieved, the tension-increase
control means 96 stops the electric motor 31 (S4).

If a change 1n the tension that 1s detected by the tension
sensor 33 1s within a predetermined range even after the
clectric motor 31 1s stopped, the wheel cylinder pressures at
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the rear wheels are decreased (S5). Then, the tension 1s
detected again after the wheel cylinder pressures are
decreased. If the tension 1s decreased by an amount equal to or
larger than a predetermined value, the electric motor 31 1s
allowed to rotate.

According to the first embodiment of the mvention, the
wheel cylinder pressures are increased before the electric
motor 31 1s driven. Therefore, 1t 1s possible to reduce the size
of the electric motor 31, the power to drive the electric motor
31, and the noise caused by the electric motor 31 more eifi-

ciently than when the parking brake units 35R and 35L are
brought mto the braking state only by the electric motor 31.

Second Embodiment of the Invention

In the electric parking brake system 1 according to a second
embodiment of the invention, the target value of the wheel
cylinder pressure 1s set to the wheel cylinder pressure actually
selected by the driver, whereby the load on the electric motor
31 1s further reduced.

FIG. 5A 1s a ttiming chart showing time-changes 1n an ON
signal from the switch 8, an ON-signal from the electric
motor 31, the wheel cylinder pressure, and the value detected
by the tension sensor. FIG. 5B 1s a flowchart showing the
routine according to which the brake ECU 9 controls the
wheel cylinder pressure and the tension. In FIG. 5B, the same
step numbers are assigned to the steps that are the same as
those 1n FIG. 4B. Because the routine i FIG. 5B ditfers from
the routine 1 FIG. 4B only 1n step S12, step S12 will be
described 1n detail below.

When 1t 1s determined that the switch 8 1s on, the pressure-
increase control means 9a controls the brake actuator 10 to
increase the wheel cylinder pressures at the rear wheels RR
and RL to the maximum value of the wheel cylinder pressure
that has been achieved up to the current moment. “Up to the
current moment” signifies a suificient time period that 1s
required to detect the maximum value of the wheel cylinder
pressure, for example, a time period from when the engine 1s
started until when the switch 8 1s turned on or a predetermined
time period. Alternatively, the target value may be set to the
wheel cylinder pressure that 1s detected when the brake pedal
11 1s operated by the driver to bring the parking brake units
35R and 35L 1nto the braking state. Setting the target value to
the wheel cylinder pressure detected when the brake pedal 11
1s operated by the driver (which 1s higher than the target wheel
cylinder pressure 1n FIG. 4A) makes it possible to apply the
brake to the vehicle more reliably.

According to the second embodiment of the invention, the
time lag between when the switch 8 1s turned on and when the
target tension 1s applied to the cables 34R and 34L 1s mini-
mized by the hydraulic brake. In addition, the electric motor
31 pulls the slack cables 34R and 34L., using the hydraulic
brake. Therelore, 1t 1s possible to more effectively reduce the
s1ze of the electric motor 31, the electric power that 1s neces-
sary to drive the electric motor 31, and the noise caused by the
electric motor 31, than 1n the first embodiment of the inven-
tion.

Third Embodiment of the Invention

In the electric parking brake system 1 according to a third
embodiment of the invention, 1f the hydraulic brake has
already been applied when the switch 8 1s turned on, the
parking brake units 35R and 335L are brought into the braking,
state using the wheel cylinder pressure as the target value.

FIG. 6 A 1s a timing chart showing time-changes 1n an ON
signal from the switch 8, an ON-signal from the electric
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motor 31, the wheel cylinder pressure, and the value detected
by the tension sensor. FIG. 6B 1s a flowchart showing the

routine according to which the brake ECU 9 controls the
wheel cylinder pressure and the tension.

The brake ECU 9 determines whether the switch 8 1s on.
When the switch 8 1s on, the brake ECU 9 detects an ON-
signal (S21).

When an ON-signal 1s detected, the brake ECU 9 deter-
mines whether the hydraulic brake has been applied (522).
Whether the hydraulic brake has been applied 1s determined
based on, for example, whether the wheel cylinder pressure or
the master cylinder pressure 1s equal to or higher than a
predetermined value, or based on the amount by which the
brake pedal 11 1s depressed.

When it 1s determined that the hydraulic brake has not been
applied (“NO” 1n S22), the pressure-increase control means
94 1increases the wheel cylinder pressures at the rear wheels to
the target value (527). The process performed 1n step S27 1s
the same as that 1n the first and second embodiments of the
ivention.

When 1t 1s determined that the hydraulic brake has been
applied (“YES” 1n S22), the pressure-increase control means
9a maintains the wheel cylinder pressures at the rear wheels
(S23). Namely, the pressure-increase control means 9a con-
trols the brake actuator 10 (closes the holding valves 175 and
17¢ while keeping the pressure-decreasing valves 186 and
18¢ closed) to maintain the wheel cylinder pressures.

Next, the tension-increase control means 954 drives the
clectric motor 31 to pull the cables 34R and 34L until the
target tension 1s achieved (524).

When the target tension 1s achieved, the tension-increase
control means 95 stops the tension-increase control means 95
(S25).

IT a change 1n the tension detected by the tension sensor 33
1s within a predetermined range even atter the electric motor
31 1s stopped, the pressure-increase control means 9qa
decreases the wheel cylinder pressures at the rear wheels.
After the wheel cylinder pressures are decreased, the tension
1s detected again. If the tension 1s decreased by an amount
equal to or larger than a predetermined value, the electric
motor 31 1s allowed to rotate. Thus, the braking operation
performed using the wheel cylinder pressure 1s replaced with
the braking operation performed using the tension.

The wheel cylinder pressures are deceased 1n step S40 even
il the driver 1s operating the brake pedal 11. The wheel cyl-
inder pressures only at the rear wheels provided with the
parking brake units 35R and 35L are decreased. Therefore,
when the driver depresses the brake pedal 11, braking force 1s
applied to the front wheels FR and FL by the hydraulic brakes,
and braking force 1s applied to the rear wheels RR and RL by
the parking brake units 35R and 35L, respectively. When the
driver does not depress the brake pedal 11, braking force 1s
not applied to the front wheels FR and FLL whereas braking
force 1s applied to the rear wheels RR and RL by the parking
brake units 35R and 35L, respectively.

According to the third embodiment of the invention, brak-
ing force 1s applied to the rear wheels RR and RL using a
tension. Therefore, 1t 1s possible to reduce the electric power
consumed by the system that always requires electric power,
for example, the ECB, or the system that needs electric power
even for maintaining the braking force, for example, the ESC
(Electronic Stability Control).

Fourth Embodiment of the Invention

In the electric parking brake system 1 according to a fourth
embodiment of the invention, if the tension sensor 33 detects
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a decrease 1n the tension after the target tension 1s achieved by
driving the electric motor 31, the wheel cylinder pressure 1s
increased, and the electric motor 31 1s driven again to pull the
cables 34R and 34L.

FIG. 7 1s a timing chart showing time-changes in an ON
signal from the switch 8, an ON-signal from the electric
motor 31, the wheel cylinder pressure, and the value detected
by the tension sensor. FIG. 8 1s a flowchart showing the
routine according to which the brake ECU 9 controls the
wheel cylinder pressure and the tension. In FIG. 8, the same

step numbers are assigned to the steps that are the same as

those 1n FIG. 6B.

The brake ECU 9 determines whether the switch 8 1s on.
When the switch 8 1s on, the brake ECU 9 detects an ON-
signal (S21).

When an ON-signal 1s detected, the brake ECU 9 deter-
mines whether the hydraulic brake has been applied (822).
Whether the hydraulic brake has been applied i1s determined
based on, for example, whether the wheel cylinder pressure or
the master cylinder pressure i1s equal to or higher than a
predetermined value, or based on the amount by which the
brake pedal 11 1s depressed. FIG. 7 shows the case where the
hydraulic brake has been applied. If the hydrauhc brake has
not been applied (“NO” 1n S22), the pressure-increase control
means 9a increases the wheel cylinder pressures at the rear
wheels to the target value (S27).

When 1t 1s determined that the hydraulic brake has been
applied (“YES” 1n S22), the pressure-increase control means
9a maintains the wheel cylinder pressure at the rear wheels
(S23). Namely, the pressure-increase means 9a controls the
brake actuator 10 (closes the holding valves 17b and 17c¢
while keeping the pressure-decreasing valves 186 and 18c¢
closed) to maintain the wheel cylinder pressures.

Next, the tension-increase control means 96 drives the
clectric motor 31 to pull the cables 34R and 34L until the
target tension 1s achieved (524). It takes almost no time to
maintain the wheel cylinder pressure. Therefore, there 1s
almost no time lag between when a determination 1s made 1n
step S22 and when pulling the cables 34R and 34L 1s started
in S24.

When the target tension 1s achieved, the tension-increase
control means 95 stops the electric motor 31 (S25).

The tension-increase control means 95 monitors the ten-
sion, and determines whether the tension has been decreased
(S31). As described above, i1 the hydraulic brake 1s applied,
the parking brake lever 43 pivots and the tension decreases.
Therefore, the pressure-increase control means 9a detects a
decrease 1n the tension due to application of the hydraulic
brake.

When 1t 1s determined that the tension has been decreased
(“YES” 1n S31), the pressure-increase control means 9a con-
trols the brake actuator 10 to increase the wheel cylinder
pressures to a predetermined value (532). Namely, the pres-
sure-1ncrease control means 9a closes the master cut valves
15a and 155, keeps the holding valves 1756 and 17¢ open, and
keeps the pressure-decreasing valves 1856 and 18¢ closed.
Then, the wheel cylinder pressures in the wheel cylinders 24
and 23 are increased by the hydraulic pressures produced by
the pumps 19a and 195, respectively. The wheel cylinder
pressures are increased to compensate for a decrease in the
tension. Therefore, the wheel cylinder pressures 1n the wheel
cylinders of only the rear wheels are increased. In this case,
the target wheel cylinder pressure may be set to a value, which
1s calculated by increasing the pre-increase wheel cylinder
pressure by, for example, 10% to 50%, or the maximum value
of the wheel cylinder pressure that has been achieved up to the
current moment.
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When the wheel cylinder pressures are increased to the
predetermined value, the tension-increase control means 956

drives the electric motor 31 again to increase the target ten-
s1on (S33). Namely, the cables 34R and 34L are pulled using
a tension that 1s higher than the target tension that 1s used
when the cables 34R and 34L are pulled 1n step S24. Because
the cables 34R and 34L are pulled at the tension that 1s higher
than the target tension used 1n step S24, at which a decrease in
the tension 1s detected. Accordingly, it 1s possible to suppress
a decrease 1n the tension.

If a change 1n the tension detected by the tension sensor 33
1s within a predetermined range even aiter the electric motor
31 1s stopped, the pressure-increase control means 9qa
decreases the wheel cylinder pressures at the rear wheels
(540). In this way, the braking operation performed using the
wheel cylinder pressure 1s replaced with the braking opera-
tion performed using the tension.

According to the fourth embodiment of the mvention, a
decrease 1n the tension 1s suppressed by increasing the target
tension. Also, because the target tension can be increased
when the tension 1s decreased, 1t 1s not necessary to set the
initial target tension (used 1n step S24) to an excessively high
value. Therefore, 1t 1s possible to reduce the rated load of the
clectric motor 31 and to suppress the noise caused by the
clectric motor 31.

Fifth Embodiment of the Invention

According to a fifth embodiment of the invention, the con-
trol according to the fourth embodiment of the invention 1s
executed over each of the wheels.

The timing chart and the flowchart for the electric parking
brake system 1 according to the fifth embodiment of the
invention are the same as the timing chart in FIG. 7 and the
flowchart in FIG. 8, respectively.

The brake ECU 9 determines whether the switch 8 1s on.
When the switch 8 1s on, the brake ECU 9 detects an ON-
signal (S21).

When an ON-signal 1s detected, the brake ECU 9 deter-
mines whether the hydraulic brake has been applied (S22).
Whether the hydraulic brake has been applied 1s determined
base on, for example, whether the wheel cylinder pressure or
the master cylinder pressure 1s equal to or higher than a
predetermined value, or based on the amount by which the
brake pedal 11 1s depressed. FIG. 7 shows the state 1n which
the hydraulic brake has been applied. However, when 1t 1s
determined that the hydraulic brake has not been applied
(“NO” 1 S22), the pressure-increase control means 9a
increases the wheel cylinder pressures at the rear wheels to
the target value (S27).

When it 1s determined that the hydraulic brake has been
applied (“YES” 1n S22), the pressure-increase control means
9a maintains the wheel cylinder pressures at the rear wheels
(S23). Namely, the pressure-increase control means 9a con-
trols the brake actuator 10 (closes the holding valves 175 and
17¢ while keeping the pressure-decreasing valve 1856 and 18¢
closed) to maintain the wheel cylinder pressures.

Next, the tension-increase control means 95 drives the
clectric motor 31 to pull the cables 34R and 34L until the
target tension 1s achieved (S24). Because 1t takes almost no
time to maintain the wheel cylinder pressure, there 1s almost
no time lag between when a determination 1s made 1n step S22
and when pulling of the cables 34R and 34L 1s started 1n S24.

When the target tension 1s achieved, the brake ECU 9 stops
the electric motor 31 (S25).

The tension-increase control means 95 monitors the ten-
sion, and determines whether the tension has been decreased
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(S31). As described above, 11 the hydraulic brake 1s applied,
the parking brake lever 43 pivots and the tension decreases.

Therefore, the pressure-increase control means 9a detects a
decrease 1n the tension due to application of the hydraulic
brake.

When 1t 1s determined that the tension has been decreased
(“YES” 1n S31), the pressure-increase control means 9a con-
trols the brake actuator 10 to increase the wheel cylinder
pressure at the wheel, of which the wheel cylinder pressure
needs to be increased, to a predetermined value. ““The wheel
of which the wheel cylinder pressure needs to be increased”
1s, for example, one of the rear wheels RR and RL, at which
the tension 1s more likely to decrease than the other of the rear
wheels RR and RL. The frictional force F1 of the cables 34R
and 34L and the tension transmission system exhibits a pre-
determined tendency. Therelfore, the rear wheel, of which the
frictional force F1 detected in advance is larger than the
frictional force F1 of the other rear wheel, 1s used as the wheel
of which the wheel cylinder pressure needs to be increased.
When the tension sensor 33 1s provided to each of the cables
34R and 341, one of or both the rear wheels RR and RL 1s/are
selected based on the tensions detected by the tension sensors
33.

The pressure-increase control means 9q controls the brake
actuator 10 to increase the wheel cylinder pressure of the
selected rear wheel.

When the wheel cylinder pressure 1s increased to a prede-
termined value, the tension-increase control means 94 drives
the electric motor 31 again to increase the target tension
(S33). The tension at the rear wheel, of which the wheel
cylinder pressure 1s increased, 1s decreased by an amount
larger than the amount by which the tension at the rear wheel,
of which the wheel cylinder pressure 1s not increased, i1s
decreased. However, because the electric parking brake
actuator 30 pulls the cables 34R and 341 while equalizing the
tensions of the cables 34R and 34L, the amount by which the
cable 34R orthe cable 34L 1s pulled 1s larger at the rear wheel,
of which the wheel cylinder pressure 1s increased, than at the
rear wheel, of which the wheel cylinder pressure i1s not
increased. As a result, the cables 34R and 34L are both pulled
using a tension higher than the target tension that 1s used when
the cables 34R and 34L are pulled 1n step S24.

If a change 1n the tension detected by the tension sensor 33
1s within a predetermined range even aiter the electric motor
31 1s stopped, the pressure-increase control means 9a
decreases the wheel cylinder pressure at the rear wheel (540).
Thus, the braking operation performed using the wheel cyl-
inder pressure 1s replaced with the braking operation per-
formed using the tension.

According to the fifth embodiment of the invention, the
cifects of the fourth embodiment of the mvention can be
obtained. In addition, the wheel cylinder pressure at the
wheels, of which the wheel cylinder pressure need not be
increased, are not increased. Therefore, it 1s possible to
reduce the electric power required to drive the electric motor
31 and the noise caused by the electric motor 31.

Sixth Embodiment of the Invention

In the electric parking brake system 1 according to a sixth
embodiment of the invention, when a decrease 1n the tension
1s detected, the wheel cylinder pressures and the target tension
are 1ncreased as 1n the fourth and fifth embodiments of the
invention. However, 1f a decrease in the tension 1s continu-
ously detected, 1t 1s determined whether a maltunction has
occurred. When it 1s determined that a malfunction has
occurred, the driver 1s notified of the malfunction.
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FIG. 9 1s a timing chart showing time-changes 1n an ON
signal from the switch 8, an ON-signal from the electric
motor 31, the wheel cylinder pressure, and the value detected
by the tension sensor. FIG. 10 1s a flowchart showing the
routine according to which the brake ECU 9 controls the
wheel cylinder pressure and the tension. In FIG. 10, the same
step numbers are assigned to the steps that are the same as
those 1n FIG. 8.

The brake ECU 9 determines whether the switch 8 1s on
(521). When the switch 8 is on, the brake ECU 9 detects an
ON-signal.

When an ON-signal 1s detected, the brake ECU 9 deter-
mines whether the hydraulic brake has been applied (S22).
Whether the hydraulic brake has been applied 1s determined
based on, for example, whether the wheel cylinder pressure or
the master cylinder pressure 1s equal to or higher than a
predetermined value, or based on the amount by which the
brake pedal 11 1s depressed. FIG. 9 shows the case where the
hydraulic brake has been applied. However, when 1t 1s deter-
mined that the hydraulic brake has not been applied (“NO” in
S22), the pressure-increase control means 9a increases the
wheel cylinder pressures at the rear wheels to the target value
(S27).

When it 1s determined that the hydraulic brake has been
applied (“YES” 1n S22), the pressure-increase control means
9a maintains the wheel cylinder pressures at the rear wheels
(S23). Namely, the pressure-increase control means 9a con-
trols the brake actuator 10 (closes the holding valves 175 and
17¢ while keeping the pressure-decreasing valves 1856 and
18¢ closed) to maintain the wheel cylinder pressures.

Next, the tension-increase control means 954 drives the
clectric motor 31 to pull the cables 34R and 34L until the
target tension 1s achieved (524). Because 1t takes almost no
time to maintain the wheel cylinder pressure, there 1s almost
no time lag between when a determination 1s made 1n step S22
and when pulling of the cables 34R and 34L is started in step
S24.

When the target tension 1s achieved, the tension-increase
control means 95 stops the electric motor 31 (S25).

The tension-increase control means 95 monitors the ten-
sion, and determines whether the tension has been decreased
(S31). As described above, 11 the hydraulic brake 1s applied,
the parking brake lever 43 pivots and the tension decreases.
Therefore, the pressure-increase control means 9a detects a
decrease 1n the tension due to application of the hydraulic
brake.

When 1t 1s determined that the tension has been decreased
(“YES” 1n S31), the pressure-increase control means 9a con-
trols the brake actuator 10 to increase the wheel cylinder
pressures to a predetermined value (532). Namely, the pres-
sure-ncrease control means 9a closes the master cut valves
15a and 155, keeps the holding valves 175 and 17¢ open, and
keeps the pressure-decreasing valves 185 and 18c¢ closed.
Thus, the wheel cylinder pressures in the wheel cylinders 24
and 23 are increased by the hydraulic pressures produced by
the pumps 194 and 195, respectively. Because the wheel
cylinder pressures are increased to compensate for a decrease
in the tension, the wheel cylinder pressures only at the rear
wheels, or the wheel cylinder pressure at only one of the rear
wheels RR and RL may be increased.

When the wheel cylinder pressures are increased to the
predetermined value, the tension-increase control means 956
drives the electric motor 31 again to increase the target ten-
s1on (S33). Namely, the cables 34R and 34L are pulled using
a tension that 1s higher than the target tension used when the
cables 34R and 34L are pulled 1n step S24. Because the cables
34R and 34L are pulled using the tension that 1s higher than
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the target tension 1n step S24, at which a decrease 1n the
tension 1s detected, 1t 1s possible to suppress a decrease in the
tension.

Next, the tension-increase control means 956 determines
whether the tension has been incessantly and successively
decreased (S34). Whether the tension has been incessantly
decreased 1s determined based on whether the tension has
been decreased at a frequency equal to or higher than a pre-
determined value within a predetermined period. Whether the
tension has been successively decreased 1s determined, for
example, based on whether the tension 1s decreased every
time the parking brake 1s applied.

When 1t 1s not determined that the tension has been inces-
santly and successively decreased, the tension-increase con-
trol means 95 executes step S31 again to periodically deter-
mine whether the tension has been incessantly and
successively decreased. Therefore, it 1s possible to appropri-
ately determine whether the tension has been incessantly and
successively decreased.

When it 1s determined that the tension has been incessantly
and successively decreased (“YES” in S34), the malfunction
determination means 9¢ determines whether a malfunction
has occurred 1n at least one of the parking brake units 35R and
35L (S35). Whether amalfunction has occurred 1s determined
based on whether the relationship between the time during
which the electric motor 31 1s driven and the tension T, the
relationship between the time during which the electric motor
31 is driven and the displacement amount of the equalizer
mechanism 38, etc., which are detected when the vehicle 1s
shipped differ from those 1n the current state. These relation-
ships significantly change 1f the cables 34R and 34L are
completely or partially cut off or 11 the cables 34R and 34L are
caught on something and stop moving. Therefore, 1t 1s pos-
sible to determine whether a malfunction has occurred based
on these relationships.

When 1t 1s determined that a maltunction has occurred
(“YES” 1n S35), the malfunction determination means 9c¢
notifies the driver that a malfunction has occurred 1n at least
one ol the parking brake units 35R and 35L (536). This
notification 1s made, for example, by 1lluminating a lamp 1n
the combination meter.

When 1t 1s determined that the tension has not been
decreased (“NO” 1n S31), the pressure-increase control
means 9a decreases the wheel cylinder pressure at the rear
wheel (540). Thus, the braking operation performed using the
wheel cylinder pressure 1s replaced with the braking opera-
tion performed using the tension.

According to the sixth embodiment of the invention, 1t 1s
possible to determine whether a malfunction has occurred in
the electric parking brake system 1 by determining whether
the tension has been decreased and to notily the driver of the
malfunction.

As described above, with the brake ECU 9 according to
cach embodiment of the invention, 1t 1s possible to suppress a
decrease 1n the target tension while the vehicle 1s parked, and
reduce the size of the actuator for pulling the cables 34R and
341, the electric power required to drive the actuator, and the
noise caused by the actuator.

What 1s claimed 1s:

1. An electric parking brake control apparatus, comprising:

an e¢lectric parking brake actuator that pulls cables con-

nected to respective parking brake units of wheels;

a brake actuator that controls braking pressures applied to

the wheels by service brakes;

a pressure-increase control unit that controls the brake

actuator such that when a tension of the cables falls
below a predetermined first target tension after the elec-
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tric parking brake actuator pulls the cables to the first
target tension, the pressure increase control umit
increases the braking pressures applied to the wheels by
service brakes to a predetermined value; and

a tension-increase control unit that sets a second target
tension greater than the first target tension and controls
the electric parking brake actuator to pull the cables until
the tension of the cables reaches the second target ten-
101,

wherein the cables are pulled to maintain the second target
tension aiter the tension of the cables falls below the first
target tension and after the braking pressures applied to
the wheels by service brakes are increased to the prede-
termined value by the pressure-increase control unit.

2. The electric parking brake control apparatus according
to claam 1, wherein the pressure-increase control umit
increases at least one of the braking pressures, which 1s
applied to a rear wheel, to the predetermined value.

3. The electric parking brake control apparatus according
to claam 1, whereimn the pressure-increase control unit
decreases the braking pressures, aiter the cables are pulled
until the tension of the cables reaches the second target ten-
$101.

4. The electric parking brake control apparatus according
to claim 1, further comprising:

a malfunction determination unit that determines whether a
malfunction has occurred 1n at least one of the parking
brake units when the tension falls below the predeter-
mined {irst target tension after the electric parking brake
actuator pulls the cables to the first target tension, and
that notifies, if 1t 1s determined that a malfunction has
occurred 1n at least one of the parking brake units, a
driver of the malfunction.

5. An electric parking brake system, comprising:

an electric parking brake actuator that pulls cables con-
nected to respective parking brake units of wheels;

a brake actuator that controls braking pressures applied to
the wheels by service brakes;

an electric parking control device which includes a pres-
sure-increase control umit that controls the brake actua-
tor such that when a tension of the cables falls below a
predetermined first target tension after the electric park-
ing brake actuator pulls the cables to the first target
tension, the pressure increase control unit increases the
braking pressures applied to the wheels by service
brakes to a predetermined value; and

a tension-increase control unit that sets a second target
tension greater than the first target tension and controls
the electric parking brake actuator to pull the cables until
the tension of the cables reaches the second target ten-
s101,

wherein the cables are pulled to maintain the second target
tension after the tension of the cables falls below the first
target tension and after the braking pressures applied to
the wheels by service brakes are increased to the prede-
termined value by the pressure-increase control unat.

6. The electric parking brake system according to claim 3,
wherein the pressure-increase control unit increases at least
one of the braking pressures, which 1s applied to a rear wheel,
to the predetermined value.

7. The electric parking brake system according to claim 5,
wherein the pressure-increase control unit decreases the brak-
ing pressures, aiter the cables are pulled until the tension of
the cables reaches the second target tension.
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8. The electric parking brake system according to claim 5,
turther comprising:

a malifunction determination unit that determines whether a
malfunction has occurred 1n at least one of the parking
brake units when the tension falls below the predeter-
mined {irst target tension after the electric parking brake
actuator pulls the cables to the first target tension, and
that notifies, 1f 1t 1s determined that a malfunction has
occurred 1n at least one of the parking brake units, a
driver of the malfunction.

9. A method for controlling an electric parking brake sys-
tem including an electric parking brake actuator that pulls
cables connected to respective parking brake units of wheels,
and a brake actuator that controls braking pressures applied to
the wheels by service brakes, the method comprising:

determining whether a tension of the cables falls below a
predetermined first target tension after the electric park-
ing brake actuator pulls the cables to the first target

tension;

controlling the brake actuator such that when the tension of
the cables falls below the predetermined first target ten-
ston after the electric parking brake actuator pulls the
cables to the first target tension, the braking pressures
applied to the wheels by service brakes are increased to
a predetermined value; and

controlling the electric parking brake actuator to sets a
second target tension greater than the first target tension
and pull the cables until the tension of the cables reaches
the second target tension, wherein the cables are pulled
to maintain the second target tension aiter the tension of
the cables falls below the first target tension and after the

braking pressures applied to the wheels by service
brakes are increased to the predetermined value.

10. The method according to claim 9, wherein at least one
of the braking pressures, which 1s applied to a rear wheel, 1s
increased to the predetermined value.

11. The method according to claim 9, wherein the braking
pressures are decreased, after the cables are pulled until the
tension of the cables reaches the second target tension.
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12. The method according to claim 9, further comprising:
determining whether a malfunction has occurred 1n at least

one of the parking brake units when the tension falls
below the predetermined first target tension after the
clectric parking brake actuator pulls the cables to the first
target tension, and notifying, if 1t 1s determined that a
malfunction has occurred in at least one of the parking
brake units, a driver of the malfunction.

13. The electric parking brake control apparatus according
to claam 1, wherein the electric parking brake actuator 1s
stopped when the first target tension 1s achieved,

wherein the tension-increase conftrol unit determines

whether the tension of the cables falls below the first
target tension after the electric parking brake actuator 1s

stopped, and

wherein the pressure-increase control umt increases the

braking pressures to the predetermined value 11 the ten-
s1on increase control unit determines that the tension of
the cables falls below the first target tension.

14. The electric parking brake system according to claim 5,
wherein the electric parking brake actuator 1s stopped when
the first target tension 1s achieved,

wherein the tension-increase conftrol unit determines

whether the tension of the cables falls below the first
target tension after the electric parking brake actuator 1s
stopped, and

wherein the pressure-increase control unit increases the

braking pressures to the predetermined value 11 the ten-
s1on 1ncrease control unit determines that the tension of
the cables falls below the first target tension.

15. The method according to claim 9, further comprising:

stopping the electric parking brake actuator when the first

target tension 1s achieved;

determining whether the tension of the cables falls below

the first target tension after the electric parking brake

actuator 1s stopped; and

increasing the braking pressures to the predetermined

value 1f the tension increase control unit determines that
the tension of the cables falls below the first target ten-
si0n.
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